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Background and Objective. The existence of an
imbalance in T-cell subpopulations in patients
(pts) affected by monoclonal gammopathies
(MG) has been well established. This imbalance
might be correlated with different control of plas-
ma cell growth and, particularly in MM, with the
severity of the disease. The aim of this study was
to verify whether the alteration of the T lympho-
cyte subsets in bone marrow correlates with the
diagnosis, clinical status and disease phase in
patients with monoclonal gammopathies.

Methods. We performed a study on bone mar-
row (BM) T-cell subsets in 49 multiple myelomas
(MM) and in 17 monoclonal gammopathies of
uncertain significance (MGUS), using as controls
20 BM aspirates from normal subjects. 

Results. The percentages of BM CD4 cells in
MM pts at onset were slightly lower than in con-
trols and in MGUS pts, who showed normal per-
centages of CD4. The percentages of CD8 cells
were lower than in controls in both MM and
MGUS (p=0.02 and p=0.007, respectively), and
consequently the CD4/CD8 ratios were signifi-

cantly higher than in normal subjects (p=0.01 and
0.008, respectively). Analysis of BM T-cell sub-
populations in MM pts showed a progressive
decrease in the percentage of CD4 cells from
stage I to stage III (I vs III p=0.008) and an
increase in CD8 cells, although not statistically
significant. The same trend was observed when
the different phases of MM (onset, plateau, pro-
gression) were analyzed: a lower percentage of
CD4 cells and an increase of CD8 cells character-
ized the advanced phases. Treatment did not
seem to alter significantly the distribution of T-cell
subsets in MM patients.

Interpretation and Conclusions. The imbalance in
T cells involving the bone marrow lymphocytic
populations that exist in MG is somewhat differ-
ent in MGUS and MM. In MM patients this dis-
turbance is related to the disease stages and phas-
es, reflecting an important role for T-cell subsets
in tumor cell control. 
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Monoclonal gammopathies (MG) are
immunoproliferative disorders involving a
differentiated B cell and associated with

an abnormal production of a monoclonal protein.
Due to the role of the T-cell compartment in sup-
pressing B cell proliferation and differentiation in
normal subjects,1 several authors have turned their
attention to this phenomenon in order to define the
impact in MG of T lymphocytes on the regulation of
the neoplastic clone that affects the clinical presen-
tation and progression of the disease.2-4 The majori-
ty of the studies in the literature were performed on
peripheral blood and demonstrated an imbalance
in the CD4/CD8 ratio due to a marked reduction in
both the percentages and absolute numbers of CD4
cells and to an increase in CD8 cells.5-8 Some
authors have also explored the relationship between

this imbalance and clinical-biological parameters
showing prognostic significance for the reduction of
CD4 peripheral lymphocytes9,10 and a correlation
with the disease stage.7,9,11,12 A few of the studies
also reported on the distribution of T lymphocytes
in the bone marrow of patients with MG,13 but
without focusing on correlations with other relevant
clinical parameters. The aim of the present investi-
gation was to verify whether the alteration of the T-
lymphocyte subsets in bone marrow correlates with
diagnosis, clinical status and disease phase in
patients with monoclonal gammopathies.

Patients and Methods

Patients
Sixty-six patients with MG, 49 MM and 17 MGUS, were

included in the present study. Diagnosis and staging were
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determined according to the criteria of Durie & Salmon.14 The
characteristics of the MGUS patients were as follows: median
age 51 years (range 27-77 yrs); 9 were males and 8 females; 13
had an IgG M-component, 3 IgA, 1 biclonal. The characteristics
of the MM patients were: median age 56 years (range 37-74
yrs); 36 were males and 13 females; 38 had an IgG M-compo-
nent, 6 IgA, 4 BJ and 1 NS; 9 were in stage I, 5 in stage II, and
35 in stage III; 14 patients were at diagnosis, 16 were in a
plateau phase (13 on chemotherapy and 3 off therapy), and 19
were in progression (18 treated and 1 not receiving any
chemotherapy due to clinical status). All treated patients were
studied at least three weeks after the last day of chemotherapy.
Patients were studied at least two weeks after acute infections,
antibiotic treatment, and transfusions.

We used 20 bone marrow aspirates from healthy bone mar-
row donors as controls.

Cytometric analyses
Fluorescein isothiocyanate (FITC)-conjugated anti-CD3,

FITC anti-CD4 and phycoerythrin (PE)-conjugated anti-CD8
were used for phenotypic analysis of BM T-cell populations by
direct immunofluorescence and flow cytometry with FACS
(Epics-C) (Coulter). Percentages of positive cells were always
referred to the total number of the lymphoid subset.

Statistical analysis
Continuous data are expressed as mean±standard deviation

(SD) and ages as median and range; frequencies are reported
for categorical variables. Between-group (stages and disease
phases) comparisons of CD3, CD4 and CD8 percentages were
performed by means of the unpaired Student’s t-test. A 5% type
I error (P-level <0.05) was retained and Bonferroni’s correction
was applied when required. The Spearman rank R statistic was
computed in order to verify whether a monotonic relation was
present between stage or disease phase and CD3, CD4 and
CD8. The statistical package Statistica/w 4.5 (Statsoft) was
used. 

Results
Due to the wide range of bone marrow cellularity

in normal subjects related to the extreme variability
in bone marrow aspiration,15,16 our analysis was
carried out considering only the percentages of the
T-cell subsets. Table 1 reports the percentages of
bone marrow lymphocytic subpopulations.
Patients with MGUS showed a reduction of CD3
and CD8 lymphocytes (p=0.02 and p=0.007,
respectively) as compared to normal controls,
while the percentage of CD4 cells remained similar
to that of normal subjects. As a consequence the
CD4/CD8 ratio in this group was higher than nor-
mal (p=0.02).

A similar situation was found in patients with
MM in stage I (compare Tables 1 and 2); however,
if MM patients were considered at onset we found
a similar distribution of CD3 cells and CD8 cells
and a reduction of CD4 cells, in relation to both
controls and MGUS, that did not reach statistical
significance. Table 2 shows a clear correlation
between clinical stage and the worsening of the
imbalance in the T-cell compartment, with a pro-
nounced decrease of CD4 cells (stage I vs stage III,
p=0.008) and a non significant increase of CD8
cells. Disease phases (Table 3) seem to be related
only to an increase of CD8 cells (p=0.05), even
though an important but not statistically signifi-

cant reduction of CD4 cells is seen when these per-
centages are compared at onset and during pro-
gression. 

If MM patients are considered all together treat-
ment significantly affects the distribution of bone
marrow T cells, but if the analysis is conducted in a
more homogeneous fashion, namely taking into
account only treated and untreated stage III
patients, the statistical significance is lost. 

We evaluated the existence of monotonic func-
tions between CD3, CD4 and CD8 percentages
and clinical stages or disease phases. As shown in
Table 4, for patients with MM monotonic associa-
tions are present between the reduction of CD4
cells and clinical stage, and between the increase
of CD8 cells and disease status.

Table 2. Distribution of T-cell subsets in MM patients accord-
ing to clinical stage.

no. of patients Controls MGUS MM
(20) (17) (14)

% CD3 60.3±12*,° 49.8±15* 48.8±19°
% CD4 24.6±9 26.9±13 22.5±9
% CD8 32.4±9.5#,@ 23.8±8.5# 23.8±12@

CD4/CD8 0.7±03^,§ 1.24±0.8^ 1.05±0.5§

*p=0.02; °p=0.03;  #p0.007;  @p=0.02;  ^p=0.008;  §p=0.01.

no. of patients Stage I Stage II Stage III
(9) (5) (35)

% CD3 53±7.9 49.4±22 44.1±19
% CD4 25±6* 19.4±9 17.3±8*
% CD8 22.4±5 30.4±15 29±14
CD4/CD8 1.15±0.4° 0.7±0.2 0.75±0.4°

*p=0.008; °p=0.02

Table 1. Bone marrow T-cell subsets in patients with MGUS
and MM.

Table 3. Distribution of T-cell subsets in MM patients accord-
ing to disease phase.

no. of patients Onset Plateau Progression
(14) (16) (19)

% CD3 48.8±19 42±16 47.4±19
% CD4 22.5±9 16.7±8 17.4±7.3
% CD8 23.8±12* 25.5±12 33±13*
CD4/CD8 1.05±0.5° 0.78±0.5 0.65±0.3°

*p=0.05; °p=0.008.
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Discussion
The present study shows the existence of an

imbalance of bone marrow T-cell subsets in MG. A
T-cell imbalance in MG has been reported mostly in
studies performed on peripheral blood.5-7,9,12,17 In par-
ticular, one of these carried out by San Miguel et al.9

correlates a reduction of CD4 cells (< 0.73109/L)
with other adverse prognostic factors (advanced
clinical stage, anemia, high b2 microglobulin levels)
and with poor survival. They show, through multi-
variate analysis, that the number of CD4 cells adds
independent prognostic information to the assess-
ment of disease outcome in MM patients. The few
studies carried out on T-cell subsets in normal bone
marrow reveal an excess of CD8 cells. A similar dis-
tribution was found by Mills et al.6 in the BM of MM
and benign monoclonal gammopathies, while a
lower ratio has been reported by others.7,13 Function-
al studies also show a malfunction in the T-cell com-
partment in MM that reflects inadequate control
over tumor cells, mostly in the advanced stages of
the disease.18,19 MM is in fact characterized by a
marked activation state, which illustrates how T-
cells are influenced by tumor evolution. However, in
the absence of adequate costimulatory signaling this
unproductive interaction predisposes T-lymphocytes
to activation-induced cell death (AICD), which in
the end renders them ineffective in tumor control.19

There is probably also a timing mechanism in MM
regarding the involvement of the different T-cell
populations (CD4, CD8). In fact, a murine model
has shown that CD4+ cells are required in the early
phase, whereas CD8+ cells play a major role later
on.20 This is in keeping with a study conducted by
Bianchi et al.21 in which it was demonstrated that an
in vitro activation wave of CD4+ cells by CD3 stimula-
tion precedes that of CD8+ lymphocytes and serves
to induce subsequent expansion of CD8+ cells
through the production of cytokines (mainly IL-2) –
phenomena that underline the important role of T-
cell lymphocytes in regulating MM tumor cells.

Our report shows that the imbalance of T-cell
populations described by other authors in the
peripheral blood is also present in the bone mar-
row. Nevertheless, unlike what is reported for

peripheral blood, BM CD4 cells are not reduced in
MGUS patients with respect to normal controls,
while CD8 cells are present in lower percentages.
Furthermore, this distribution of T cells in MGUS is
similar to that of MM patients in stage I and, as a
consequence, both MGUS and stage I MM patients
have a higher CD4/CD8 ratio than controls. This is
probably consistent with an abnormal T-cell tumor
response and with a predominant role of CD4+

lymphocytes in the early phases of the myelomato-
sis. It reflects in vivo what has been evidenced by
other authors in vitro.20,21

MM patients show a marked reduction of CD4
cells and an increase of CD8 cells related to the
severity of the clinical presentation. The reduction
in CD4 cells becomes less pronounced when dis-
ease phases are considered. Actually no statistically
significant differences are detected between
patients at onset and during progression except for
an increase in CD8 cells, partly due to the size of
the study sample and partly probably the result of
the continuous variability of the activation state
present during the course of MM. Finally, a com-
parison between the percentages of T lymphocytes
in treated and untreated patients does not reveal
significant differences between the two groups
when only patients in stage III  are considered. This
is consistent with a lack of influence of chemother-
apy on the T-cell compartment disturbance in MM
patients.

In conclusion, our findings support previous evi-
dence of a T-cell imbalance in monoclonal gam-
mopathies both in peripheral blood and in bone
marrow. This imbalance is different in MM and
MGUS patients; in the former it correlates with the
stage and the phase of the disease, underlining the
important role of T-cell subsets in controlling
tumor cells.
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